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Abstract: 
The present study was conducted to quantify the effect of Ascorbic acid (Vitamin C) at the following inclusion 
levels: 0 mg AA per kg feed (V0), 50 mg AA per kg feed (V1), 100 mg AA per kg feed (V2) and 150 mg AA per kg 
of feed (V3), on growth performance and feed utilization efficiency of juvenile Silurus glanis, reared in a 
recirculating aquaculture system. The European catfish, with initial mean body weight of 118.96±0.43g, was fed with 
1.8 percentage of their body weight, 3 times per day. After feeding with supplemented diets for 4 weeks, growth 
performance, feed utilization and health status were assessed. The results of the current study showed that 
supplementation with Vitamin C at 50 mg AA per kg (V1) of feed had a positive effect over FCR, SGR, PER, 
comparing with the control group (V0) and the V2 and V3 experimental variants. Thus, it is demonstrated that the 
appropriate doze of Vitamin C should be established before applying it to intensive aquaculture, in order to obtain 
high growth performance and a good health condition of fish. 
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1. Introduction
 
 
European catfish (Silurus glanis) cultivated in 
intensive recirculating systems  is characterized by 
a fast growth rate, high feed utilization efficiency, 
high carcass yield, no scales, tasty white flesh 
devoid of bones and a fat content of 6–8%. 
Chemical composition and meat quality are the 
primary factors that determine the suitability of 
fish for consumption. These factors are 
significantly affected by the type of feed used in 
aquaculture. 
Vitamin C or ascorbic acid is an essential vitamin 
for many species of fish as a co-factor in various 
hydroxylation reactions in living tissue and is 
involved in collagen formation, growth and 
reproductive processes as well as disease 
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resistance and immune response [1]. It also acts as 
an important water-soluble antioxidant [2]. 
Ascorbic acid is, however, one of the most labile 
vitamins and is easily oxidized by air, heat, 
enzymes and multivalent cations. Loss of 
supplemented ascorbic acid in fish diets during 
processing and storage has been reported [3]. 
Today, there are many researches about effects of 
vitamin C on growth, tissue storage, disease and 
stress resistance in many species [4]. While there 
is little documented evidence about the effects of 
vitamin C on European catfish, there is no 
information about the effects of ascorbic acid on 
carcass composition, growth and physiological 
parameters. For determining the vitamin C 
requirement of various specific fish species, the 
first step has to be the study of its effect on growth 
performances and physiological roles. Thus, the 
purpose of this experiment was to determine the 
effects of different levels of vitamin C on growth,  
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mortality, tissue chemical composition and 
physiological status of juvenile European catfish. 
 
 
 
2. Materials and methods 
 
The material base for this study consists of 
experimental recirculating system from the 
Department of Aquaculture, Environmental 
Science and Cadastre- ,,Dunarea de Jos’’ 
University of Galati. The experiment was 
conducted during a 5 weeks period, between 
January-February 2012. This recirculating system, 
described in (V. Cristea et. all, 2011) [5], consist 
mainly in 4 rearing units, with a volume of 1 m
3 
each and also water quality conditioning units. 
Juvenile catfish, with an average weight of 118, 
96 ±0,43, were distributed to each tank in groups 
of 123 fish. The food used was Classic K 2P– 
extruded pellets with a diameter of 4,3 mm (Table 
1). The ratio used was 2% of fish body weight. 
The pellets were manually distributed, three times 
per day: at 9 a.m., 14 p.m. and 20 p.m. 
Four kinds of variants were compared:  
  V0- pellets with 40% crude protein, without 
ascorbic acid(AA);  
  V1- pellets with 40% crude protein, with 50 mg 
AA per kg; 
  V2-pellets with 40% crude protein, with 100 
mg AA per kg; 
  V3-pellets with 40% crude protein, with 150 
mg AA per kg; 
 
Table 1. Composition of the experimental diets 
Composition UM 
Crude protein  40.0% 
Crude fats  11.5 % 
Crude cellulose (fiber)  4 % 
Crude ash  7.5 % 
Phosphorus 0.7% 
Vitamin A  3000 (UI/kg) 
Vitamin D  600 (UI/kg) 
 
The AA used was provided from Janssen Chimica 
Company (Geel, Belgium) and had 99.9% purity. 
Working protocol of incorporation Vitamin C in 
feed following these steps: 
  Dissolution of Vitamin C in gelatin solution 
2%; 
  Uniformly spraying the final solution on the 
surface of feed grains by continuous agitation; 
  Drying the pellets incorporated with probiotic 
at T
o=25
oC for 2 h. 
Daily, the following water quality parameters: 
temperature (
0C), dissolved oxygen (DO) and pH, 
were monitored and maintained in acceptable 
ranges.  
The following equipment was used, in order to 
determine the physical-chemical parameters of 
water: oxygen concentration and the percentage of 
saturation were measured with Hanah HI 9147-04 
oximeter, the pH was measured with pH metre 
WTW model 340, NH4, NO
-2, NO
-3 concentrations 
were measured with Spectroquant Nova 400 
photometer. 
To determine the biochemical composition of 
Silurus glanis meat, biological material samples 
were taken both in the initial and final stage of the 
experiment. 
The proximate composition of diets was carried 
out using the Association of Analytical Chemists 
methods [6].  
Proteins were determined with Gerhardt type 
equipment by using Kjeldahl method, fats were 
determined by Soxhlet solvent extraction method 
(petroleum ether) with Raypa extraction 
equipment, dry matter was determined by heating 
at temperature of 105±2ºC using Sterilizer Esac 
and ash was evaluated by calcification at 
temperatures of 550±20°C in a Nabertherm 
furnace. 
Fish performances during the experiment were 
based on productivity indices on growth 
performance and nutrient utilization efficiencies: 
٢ Weight gain (W) = Final weight (Wt) – Initial 
weight (W0) (g) 
٢ Food conversion ratio (FCR) = Total feed (F) / 
Total weight gain (W)  (g/g) 
٢ Specific growth rate (SGR) = 100 x (ln Wt - ln 
W0) / t (% BW/day) 
٢ Protein efficiency ratio (PER) = Total weight 
gain (W) / amount of protein fed (P) (g) 
 
 
 
3. Results and discussion 
 
During the present experiment, similar 
temperature values were registered in all rearing 
units, 20.29±1.13ºC being the mean one. 
Dissolved oxygen (DO) registered a mean value of 
5.24±0.44 mgl
-1 and pH registered a mean value of 
7.77±0.14 pH unit. The technological performance  
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indicators of Silurus glanis fed with the tested 
diets are presented in Table 2. The survival was 
100% in all the experimental variants. The final 
individual mean weight (g/ex) was 172.52 g in V1, 
while in V0 and V3 the registered values were 
almost similar 164.22 g respectively 164.67 g. 
 
 
Technological indicators resulted at the end of the 
experiment had the following values: specific 
growth rate (SGR) was 1.22 g %/day in V1, 1.09 g 
%/day in V0 and V3 and 1.05%/day in V2. Also in 
terms of FCR, we registered similar values in V0 
and V3  variant (1.40), the best feed conversion 
being found in case of V1 (1.22) (Figure 1). 
Regarding PER values (protein efficiency ratio), 
the best results were obtained for V1 variant (2.06 
g fish weight/g protein), compared with other 
experimental variants, fact that confirms a better 
feed capitalization in this version. The present 
study shows a positive effect of 50 mg Vitamin C 
diet on growth and feed utilization. These finding 
agrees with (Li et. al., 1998) [7], which 
recommended a administration of Vitamin C in 
doze of 25-50mg AA/kg feed, for channel catfish, 
Ictalurus punctatus. 
 
Figure 1. SGR, FCR and PER values after 
Vitamin C administration 
 
Table 2. Growth performance of the Silurus glanis after Vitamin C administration
 
The results of entire fish body proximate 
composition, at the beginning and the end of 
experimental period, is presented in figure 2. 
Regarding the meat biochemical composition, the 
obtained results showed insignificant differences 
in the levels of crude proteins, lipids, dry matter 
and ash between the control variant (V0) and 
experimental variants (V1, V2, V3), where Vitamin 
C diets were administrated. 
Growth performance indicators  V0 V 1 V 2 V 3 
Initial numbers of fish  125  123  123  123 
Final numbers of fish  125  123  123  123 
Survival (%)  100  100  100  100 
Initial biomass (g)  14806  14696  14618  14614 
Initial biomass (kg/m3)  29.61  29.39  29.23  29.22 
Final biomass (g)  20528  21220  20032  20254 
Final biomass (kg/m3)  41.056  42.44  40.064  40.50 
Biomass  gain (g)  5722  6524  5414  5640 
Biomass gain (kg/m3)  11.44  13.04  10.82  11.28 
Mean individual weight (g/ex)   118.45  119.48  118.85  118.81 
Mean final fish weight (g/ex)  164.22  172.52  162.86  164.67 
Specific growth rate SGR (%/day)  1.09  1.05  0.90  0.93 
Feed conversion ratio FCR (g/g)  1.40  1.22  1.46  1.40 
Protein efficiency ratio PER ((g/g)  1.79  2.06  1.71  1.79  
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Figure 2. The biochemical compozition of Silurus glanis, 
fed with different Vitamic C diets  
 
The lipid composition in fish meat showed an 
increase comparing to the initial moment of the 
experiment.  At  Silurus glanis species, the meat 
lipid composition varies with the general fish 
growing stage: from 1% at juvenile individuals to 
15-20% in case of adults [8]. Regarding meat 
protein composition, it decreased with 4.91% in 
V1 (50 mg AA) case, comparing with the initial 
content from the beginning of the experiment.  
 
 
4. Conclusions 
 
Recommended dietary concentration of vitamins 
for maximum growth and for avoiding a series of 
deficiency signs, have been established for several 
aquatic species. There are very limited data 
available on the requirement or recommended 
values in terms of improving health and quality of 
aquatic species. The results of the current study 
showed that diet supplementation with 50 mg/kg 
Vitamin C had significant positive effects on 
Silurus glanis growth performance. A possible 
cause could be the size of fish that in the present 
study was relatively larger comparing with the 
other studies on this topic [9-11]. Regarding the 
meat biochemical composition, the obtained 
results showed insignificant differences between 
the levels of crude proteins, lipids, dry matter and 
ash from control variant (V0) and the ones from 
experimental variants (V1, V2, V3), where Vitamin 
C was administrated. 
Thus, it is demonstrated that the appropriate doze 
of Vitamin C should be established before 
applying it to intensive aquaculture, in order to 
obtain high growth performance and a good health 
condition of fish. However, since the vitamin 
requirement or optimal dietary dosage of vitamins 
can both be influenced by many factors, making it 
difficult to determine the universal validity, more 
detailed studies are required to draw a series of 
final stable conclusions in this area of science. 
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